Population dynamics of the White Stork Ciconia ciconia in Slovenia between 1999 and 2010
Introduction
At irregular intervals, the White Stork Ciconia ciconia populations have been counted all over the world since 1934. There is no other bird for which statistics on its population trends exist for such a comparably long period of time. Up till now, six international censuses of the White Stork breeding population have been carried out in the years 1934, 1958, 1974, 1984, 1994/1995 and 2004/2005 . The data resulting from theses censuses provide an overview of the long term population trend of the White Stork in its overall breeding range. The dramatic decline of the population registered up until 1984, when it even became extinct in some countries, was followed by a positive population development in the following 20 years. The world population, which in 1984 was ca. 135,000 breeding pairs (HPa), was estimated to be around 166,000 (HPa) in 1994/1995 (Schulz 1999a (Schulz & 1999b . The most prominent increases were noticed for the western population, like Spain, with reasons for the strong increase of the western population mostly attributed to better climatic conditions − less severe droughts − in the wintering areas within western Sahel after the mid-1980s and to development of a wintering population in southern Spain, together with the suite of other factors (Tortosa et al. 1995 , Schulz 1999b , Zwarts et al. 2009 ). However, in some SE European countries populations were stable or continued declining (Schulz 1999b) . 
comm.).
The first national White Stork census in Slovenia was carried out in 1965 (Šo{tari~ 1965) . It was repeated in 1979 (Jež 1987 ) and 1984 . In 1984 , Slovenia participated in the International White Stork Census (Schulz 1999b) for the first time, and for the second time in the 6 th census 2004/2005 . Since 1999, the national breeding population has been surveyed annually (Denac 2001) , using standardized census method and parameters (Schulz 1999a , Denac 2001 . On a regional scale, two censuses have been carried out annually in Slovenia: the first in NE Slovenia in part of the Drava river lowland, the second in SE Slovenia in the Krka river lowland. Both started in 1989 (Štumberger 1990 (Štumberger , Hudoklin 1991 and were integrated into the national census in 1999. In addition, two autecological studies were carried out on the White Stork population in Slovenia using census data. With the first one, we explained density dependent breeding success with intraspecific exploitation competition (Denac 2006a) , whereas the second study showed that weather effect in the reproduction of the White Stork is resource-dependent (Denac 2006b) . In this work we present results of the White Stork censuses carried out between 1999 and 2010.
Study area and methods
Census method was the same as used during the first annual census in 1999 (Denac 2001) . The White Storks' breeding range was divided into regions (mesoregions) according to physiographic regionalisation of Slovenia (Perko 1998) . Each region was an independent census unit. In the preparation phase of the census, all surveyors received the regions' maps with marked positions of all known White Storks' nests in their census areas and forms printed for each nest from the central White Stork database for Slovenia. Surveyors were ornithologists and volunteers of DOPPS -BirdLife Slovenia. Generally, the same surveyors carried out the censuses in their corresponding census areas in successive years.
Fieldwork effort was equal in all years. All known nests were visited each year. Besides, villages without nests but with suitable surrounding breeding habitat for the White Stork were thoroughly checked for new nests regularly. Cars were used for transport and binoculars for surveying the breeding parameters. Fieldwork was carried out between 20 Jun and 15 Jul in all years. This is the period just before juvenile White Storks fledge and can be most easily counted from the ground. At each nest, the following breeding parameters were registered: status of the nest or pair (HPa, HPx, HB2, HB1, HO; see Table 1 for explanation) (Schulz 1999a) , number of fledged chicks (chicks in the nest during the census were considered as fledged), and nest placement. For new nests, address of the nearest building or location obtained by GPS was recorded. Ground and vegetation under the nests were checked for dead, thrown out chicks. Breeding parameters were obtained by direct observations. As a supporting method, surveyors used interviews with local people to obtain additional data. Data on the number of eggs, number of hatched chicks, ejected chicks and remarks were recorded. Furthermore, in 2004 and 2005 a wider public was informed about the 6 th International census and asked through different media to provide us with any data on White Stork nests.
Data were entered in the central White Stork database and processed. If not obtained with GPS, nest coordinates were gained from database of house centroids using addresses of the nests' nearest buildings. Population parameters were analyzed following recommendations by Schulz (1999b) . Single nest visitors (HB1) and pairs visiting nests (HB2) were joined into a single category, nest visitors (HB). The HB1 : HB2 ratio was approximately 1 : 1 in all years. In the breeding success calculation (JZa), we excluded breeding pairs with unknown breeding success: JZa = JZG / (HPa − HPx) (Schulz 1999a , Martí 1999 , despite the fact that the number of pairs with unknown breeding success was relatively low. We calculated standard deviation for the breeding success (JZa and JZm) (Schulz 1999a; see Table 2 for explanation). We used the surface area of Slovenia (20,272 km 2 ) for the calculation of surface-based population density (StD), whereas the surface area of potential feeding habitats (5,517 km 2 ) was used to calculate biological population density (StDBiol). We selected the following land use categories from land use map of Slovenia (MKGP 2005) as potential feeding habitats: fields and gardens (code 1100), temporary meadows (code 1130), permanent meadows and pastures (code 1300) and wet meadows (code 1321). Selection of potential feeding habitats was based on our own observations and current knowledge about the White Stork feeding habitat's characteristics (Sackl 1987 , Alonso et al. 1991 , Pinowski et al. 1986 , Dziewiaty 1992 , Ożgo & Bogucki 1999 , Moritzi et al. 2001 . Population densities (StD and StDBiol) were calculated as the number of breeding pairs (HPa) per 100 km 2 surface. (HPa) per 100 km 2 of a defined surface area (i.e. area of the country) / "Gostota {torkelj", populacijska gostota; {t. parov (HPa) na 100 km 2 dolo~ene povr{ine (= povr{ina dr`ave) StDBiol − "Biological" population density, No. of pairs (HPa) per 100 km 2 of potential feeding habitat / "Biolo{ka" populacijska gostota; {t. parov (HPa) na 100 km 2 potencialnega prehranjevalnega habitata 
Results

Population distribution and parameters
Population dynamics in time and space
The size of the Slovenian White Stork breeding population has increased in the last 40 years. A population growth of 15% was recorded in 1979, compared to 1965 (Šo{tari~ 1965 (Šo{tari~ , Jež 1987 . Between 1979 and 1984, the population decreased by 18%. From 1984 to 1999, the population increased again by 47%. In the 1999−2010 period, the population size was generally stable, but with the maximum in 2004, when the highest number of breeding White Storks was recorded so far.
Besides population size increase, the population's breeding range expanded, too. In 1965, it was confined to a part of the Pannonian region (Murska and Dravska ravan, Slovenske and Dravinjske Gorice) in NE only. This part can be considered the bird's traditional breeding range. From 1965 to 1999, it extended firstly in the SE direction to the almost entire Pannonian region of Slovenia (the Murska, Dravska and Kr{ka ravan regions and the Gori~ko, Slovenske and Dravinjske Gorice regions) as well as to the Bela krajina region, and secondly in the NW direction to Ljubljansko barje and to the Alpine plains in NW Slovenia (the Savska and Savinjska ravan regions). After 1999, it expanded its breeding range further in the NW (the Savska ravan region) and SW directions (the Notranjsko podolje, Piv{ko podolje regions), and colonized a part between Central and SE Slovenia (the Dolenjsko podolje region) (Figure 4 ).
Nest placement
Nest placements changed during the last 40 years. Proportion of nests on chimneys and trees decreased, while the proportion of nests on different power line poles increased ( Figure 5 ). In 2008, the last breeding in a tree was recorded.
Discussion
The White Stork population in Slovenia has increased considerably during the last decades. Its population growth from 1984 to 1999 is in agreement with that found for the world population during the 5 th international White Stork census (Schulz 1999b) . However, the growth of its Slovenian population was higher (47%) compared to the overall trend for the 1984−1994/1995 period (23%) . Similarly, population growth was the highest compared to the neighbouring countries: Croatia, Hungary, Austria and Italy (Schulz 1999b) , assuming that the Slovenian population in 1999 was representative for 1994/1995.
Between 1999 and 2010, the population was generally stable or slightly increasing but with considerable peaks recorded in years 2004 and 2008. Population growth is generally possible either through immigration or through the population's fecundity, which should be higher than mortality (Begon et al. 2006 , Tome 2006 ). As we do not have any data on the annual mortality of White Storks in the Slovene population, we cannot reliably infer which of the two population processes in fact caused the growth. Assuming that the annual adult survival probability is 0.7, and that the survival of young birds until the adult age is 0.5 (Kanyamibwa et al. 1993) , the fecundity of ca. 240 juveniles fledged (JZG) or ca. 1.2 fledged chicks per pair (JZa) would be sufficient to maintain 200 breeding pair population. However, this expert estimate does not account for all the parameters that (Kanyamibwa et al. 1993 ) and on primary production at the staging areas in Sahel (Schaub et al. 2005) , and individuals constantly immigrate and emigrate between populations. In addition, from the findings of ringed birds, evidence exists that individuals from France, Croatia, Germany and Switzerland recently bred in Slovenia (unpublished data of the Slovene Museum of Natural History), confirming immigration to the Slovenian population, although to an unknown extent.
In 2005 of their late arrival, a significantly higher proportion of storks did not breed and behaved like nest visitors. Because of the late start of the breeding, the fecundity in that year was dramatically low too, as there is a clear relationship between the breeding onset and breeding success. Earlier the breeding onset, the higher the breeding success, and the underlying mechanism for the phenomenon is age-dependent breeding success − older birds return in general earlier and are more successful (Vergara et al. 2007 ) − and conditionrelated parental quality − heavier females laying more eggs than lighter females (Sasvári & Hegyi 2001) . The late arrival in 2005 was recorded through the entire breeding range in Europe and was probably caused by severe weather conditions during the spring migration followed by weakened individuals of the breeding population (K.-M. Thomsen pers. comm.). On the contrary, the lowest breeding success recorded during the study, i.e. in 2006, was caused by conditions at the breeding grounds. White Storks returned to the breeding grounds normally. In the second half of May, a week of heavy rains was followed by unusually low temperatures for this period (Cegnar 2006a (Cegnar & 2006b . Such conditions occurred in the period of greatest susceptibility of juveniles to the outer conditions as they do not develop thermoregulatory ability till the age of ca. 20 days (Tortosa & Castro 2003 , Jovani & Tella 2004 . After this period, we recorded dramatically larger numbers of dead juveniles thrown out of nests than in previous years (84 in 2006 vs. 24−54 in years 1999−2010 without 2006) , which is otherwise a normal phenomenon in life-history of the White Stork in such conditions (Tortosa & Redondo 1992) . Furthermore, in 2006 several heavy hail storms occurred in NE Slovenia, killing a great number of chicks that survived low temperatures in May. Combination of these two weather effects thus caused the lowest breeding success in the study period.
Full carrying capacity of the traditional breeding range in NE Slovenia was probably achieved, which could explain the expansion of the White Stork's breeding range. As a result of less favourable foraging habitats and higher breeding density in the traditional breeding range, the population's breeding success there is the lowest. In contrast, breeding success is the highest in recently occupied regions in SE Slovenia with more favourable foraging habitats and characteristically lower breeding densities. The representative habitat of the White Stork population in the NE part of Slovenia is composed of large, intensively used arable fields. Storks of the SE population have larger areas of food-rich meadows available. Variability of breeding success between the regions is caused by differences in available food resources. The variability of breeding success between years was explained by weather, specifically by the amount of rainfall in May and temperatures in June. The less the amount of rainfall in May and the higher the temperatures in June, the higher the breeding success. Moreover, weather effect was significant only in the population in the traditional breeding range, which is poorer in the terms of food resources. Food was generally a more important reproductive predictor than weather (Denac 2006b) .
In traditional breeding range with poorer food resources, ecological density influenced the Storks' breeding success. Pairs breeding alone and pairs with one neighbour within their home range most frequently reared three chicks, pairs with two neighbours reared two, whereas pairs with three or four neighbours most frequently failed to raise even a single chick. Intraspecific exploitation competition was the cause for density-dependent breeding success (Denac 2006a) .
The trends in nest site selection − reduction of the number of nests in trees and on buildings and the increase of the number of nests on poles − are similar to the trends found elsewhere in Europe (Guziak & Jakubiec 1999 , Fulín 1999 , Lovászi 1999 , Rubacha & Jerzak 2006 , Tryanowski et al. 2009 ). In Slovenia, the trends were mainly caused by changes in architecture and by destruction of traditionally built houses with huge chimneys' platforms commonly used by White Storks. In addition, poles are the only suitable place for nests in the regions where Storks expanded recently. 
